found that a high N-size had an inhibitory effect on accuracy and did not modulate latencies in reading high-frequency words in Dutch fourth graders, in either children with dyslexia or age-matched and reading-matched controls. After controlling for the presence of a high-frequency neighbor (i.e., the presence of a neighbor with a higher frequency than the target word), the inhibitory effect on accuracy disappeared; by contrast, the inhibitory effect due to the presence of a high-frequency neighbor on naming latencies was significant for children with dyslexia and beginning readers but not for typically developing readers. To explain this result the authors hypothesized that the orthographic representations of children with dyslexia and beginning readers "are not (yet) sufficiently specified," indicating difficulty in building up orthographic knowledge. By contrast, in skilled children the absence of an N-size effect for high-frequency words would indicate that the orthographic representations of high-frequency words are activated very quickly, before the neighborhood size effect becomes evident.
It is important to note that almost all the studies investigating the N-size effect in children with dyslexia were carried out on consistent orthographies. The examination of the activation of neighborhood size in the lexicon is particularly interesting in children with dyslexia of a transparent orthography, due to the smaller reliance on lexical processing among these populations. No attempt was made to study the neighborhood size effect in Italian. Note that Italian is a particularly suitable language to this aim because of its high regularity in print-to-sound translation. Due to this consistency, almost all orthographic neighbors are also phonological neighbors; this is different from English in which the proportion of words that are both orthographic and phonological neighbors of monosyllabic words is much lower (.55 according to CELEX database; Mulatti, Reynolds, & Besner, 2006) .
The present study examined the effect of N-size on word reading in Italian children with and without dyslexia. This aspect has been indirectly examined in a study of length effects in a similar population (De Luca, Barca, Burani, & Zoccolotti, 2008) . Reading latencies correlated with length, word frequency, and N-size, indicating that shorter, more frequent words with more neighbors were read faster than longer, less frequent words with fewer neighbors. Nevertheless, a post hoc regression analysis showed that only length and word frequency were reliable predictors of RTs and the significant correlation of N-size with RTs was due only to its high collinearity with length.
In the present study, we focussed on N-size effects in relation to word frequency, keeping word length fixed. In particular, we aimed to assess whether Italian children benefit from lexical activation of neighbors in reading aloud low-frequency words. Due to the difficulty in finding long Italian words with several neighbors, we limited length variation by presenting only four-and five-letter words. Italian words of this length were all disyllabic with stress on the first syllable. Furthermore, we contrasted words with many neighbors with words without neighbors (NOneighbors), which, luckily, are present in a sufficient proportion in Italian. The NO-neighbor words represent an ideal control condition because activation of neighbors' representation is expected to be nil. Although studies on English children have usually restricted their analysis of neighborhood size effects to accuracy data, in the present study we also considered RTs, a particularly sensitive measure in consistent orthographies (see Zoccolotti, De Luca, Di Filippo, Judica, & Martelli, 2009 , for a discussion of this aspect).
We hypothesized that the faster the access to lexical representation, the smaller the neighborhood size effect would be. According to the Dual Route Cascaded model (Coltheart et al., 2001) , words with a high rate of gain of activation from resting level (such as high-frequency Downloaded by [chiara valeria marinelli] at 04:36 27 December 2012 words) activate corresponding representations before any further activation from the neighborhood can influence the start of the pronunciation. In contrast, in the case of low-frequency words, orthographic neighbors can provide support to the slower nonlexical processing. Then, a larger N-size effect is expected for low-frequency words compared to high-frequency words in both typically developing readers and children with dyslexia. The N-size effect on low-frequency words is expected to be stronger in children with dyslexia, due to their difficulty in activating lexical representations for low-frequency words.
METHOD Participants
Participants were 22 children with dyslexia (13 male, 9 female; M age = 9.74 years, SD = 0.40 years) and 44 age-matched typically developing readers (26 male, 18 female; M age = 9.66 years, SD = 0.40 years). The children with dyslexia were identified by our psychology unit through a screening of reading skills (with the MT reading test, Cornoldi & Colpo, 1998 ; see paragraph on Reading Assessment) in two schools in the southern and central Italy. Typically developing readers were selected from the same classrooms as the children with dyslexia. All children were in fourth grade at the time of testing; they came from a middle socioeducational background and showed no evidence of sensory or neurological impairment. Only children with a score above the 25th percentile on Raven's Colored Progressive Matrices (Pruneti et al., 1996) were included in the sample. Parents were informed about the screening activities and authorized their child's participation in the study.
To be included in the group of children with dyslexia, the children had to perform at least 2 SDs below the mean of the normative sample for reading speed and/or accuracy on a standard reading test (MT reading test; Cornoldi & Colpo, 1998) . None of the children had received treatment for their reading/spelling impairment.
The criterion for inclusion in the control group was a performance on the MT reading test within normal limits (defined as within 1 SD above or below the mean of the normative data from Cornoldi & Colpo, 1998) for reading speed and accuracy. Due to the very low amount of reading errors of Italian typically developing readers (Tressoldi, 1996) , we doubled the proportion of such children to increase the reliability on the estimate of their reading accuracy. Typically developing children were paired with children with dyslexia on the basis of gender (χ 2 = 0.00, ns); age, t(64) = -0.93, ns; and Raven performance, t(64) = 0.39, ns.
On the MT reading test (Cornoldi & Colpo, 1998) , typically developing children made on average few errors (3.74; SD = 1.71 corresponding to approximately 1.7% with respect to the total number of words in the passage); this corresponds to a mean z score of 0.03 (SD = 0.43) with regard to the normative values of children at the end of fourth grade. As for reading speed, typically developing children read the text at a mean rate of 0.28 sec/syllable (SD = 0.44), which corresponds to a mean z score of -0.13 (SD = 0.47), indicating normal performance. The reading accuracy of children with dyslexia was worse than that of control readers, t(64) = -13.71, p < .0001. They made an average of 18.84 errors (SD = 8.81), that is, approximately 8.5%; this performance corresponds to a z score of -3.39 (SD = 1.52) with respect to the norms for the end of fourth grade. Their average reading rate was 0.50 s/syllable (SD = 0.30), corresponding to Downloaded by [chiara valeria marinelli] at 04:36 27 December 2012 a mean z score of -2.41 (SD = 3.03); this reading speed was significantly slower than that of typically developing children, t(64) = -5.48, p < .0001.
Reading Assessment
Reading ability was examined by means of a standard achievement test (MT Reading test; Cornoldi & Colpo, 1998) . Participants were asked to read a text aloud within a 4-min time limit. Reading speed (time in sec per syllable) and accuracy (number of errors, adjusted for the amount of text read) were considered. Stimulus materials and respective reference norms varied depending on grade; the text used here was that for children at the end of fourth grade (total number of words = 222). Raw scores were converted to z scores based on the norms for children at the end of fourth grade (Cornoldi & Colpo, 1998) .
To further qualify their reading deficit, the children were given the Word and Non-word Reading test (Zoccolotti, De Luca, Di Filippo, Judica, & Spinelli, 2005) . Four lists of words (varying for frequency and length) and two of nonwords (varying for length) were presented. Thirty stimuli per list were given; number of errors and reading speed were scored. The children had to read aloud stimuli as quickly and accurately as possible. Number of errors and reading time (seconds per list) were recorded. These data are presented in Table 1 also in terms of z scores based on reference norms for fourth-grade children . As shown in the table, the reading accuracy of the children with dyslexia was deficient in all categories, as indicated by mean z scores of at least -3. Their reading speed for words was also impaired (with Note. Values in parentheses are z scores based on normative data of fourth-grade children . Negative values indicate lower performance. HF = high frequency; LF = low frequency.
a With Bonferroni correction.
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mean z scores between -1.80 and -2.69 depending on the category), whereas that for reading nonwords was less affected. In most categories, typically developing readers scored on average near the expected mean for their age (i.e., with mean z scores near zero); however, they scored below the expected values in terms of accuracy on long high-and low-frequency word subsets. In all subsets of the Word and Non-word Reading Test, typically developing readers significantly outperformed children with dyslexia.
Stimuli
Two levels of N-size were contrasted: many (more than five) neighbors versus zero neighbors (NO-neighbors). To generate the experimental list of words, 40 university students (M age = 23 years; 20 female and 20 male) were asked to estimate the age of acquisition (AoA), imageability and familiarity of 600 disyllabic nouns with either no or more than five neighbors on a 7-point scale, following the procedure described by Barca, Burani, and Arduino (2002) . All words submitted to rating were morphologically simple and stressed on the penultimate syllable (as most Italian words; see Thornton, Iacobini, & Burani, 1997) . Mean Kendall's Tau coefficients were used to assess interrater agreement. The coefficients were .51, .41, and .54 for AoA, imageability, and familiarity, respectively. These figures are well above critical values for Kendall's coefficient of concordance with p < .01 (Sheskin, 1997, p. 709 ).
To eliminate obsolete or unfamiliar neighbors from the N-size computation, only those neighbors with a high familiarity (at least 6.2 on a 7-point Likert rating scale) and recognized as words by at least 90% of the participants (Baldi & Traficante, 2005) were included in the N-size count for the present experiment.
By means of this procedure, a list of 64 disyllabic words was generated (M length = 4.75 letters, SD = 0.44), 32 with many neighbors (high N-size: M = 6.00 neighbors, range = 5-10) and 32 with NO-neighbors. In each set, half of the words had high frequency (M = 302.28 out of 1 million occurrences; range = 72-1,267) and half had low frequency (M = 11.06, range = 0-25), according to the word frequency count for children (Marconi, Ott, Pesenti, Ratti, & Tavella, 1993) , and stimuli were paired 1:1 for initial phoneme, except for two words with initial phonemes that were paired based on the same place of articulation (see Kessler, Treiman, & Mullennix, 2002) . The four sets of stimuli were also matched for the first syllable frequency (F < 1), because in languages with regular grapheme-phoneme rules and well-defined syllable boundaries, such as Italian or Spanish, there is evidence for the role of this variable on reading aloud (Perea & Carreiras, 1998; Sulpizio & Job, 2010) . Number of contextual rules (i.e., number of letters, such as c and g, that can be correctly pronounced only on the basis of the following letter; for more details see Barca, Ellis, & Burani, 2007) and ortho-syllabic complexity (number of geminate or clusters of consonants) were matched across sets of stimuli (all Fs < 1). The words in the two subsets with high N-size had a similar number of neighbors sharing the first (high frequency = 2.6, low frequency = 3.2) and the last letter (high frequency = 0.7, low frequency = 0.6) with the target word.
Furthermore, familiarity, imageability, and AoA were balanced across the two sets of words with similar frequency but different N-size (all Fs < 1). Also, based on AoA values all words were within the expected vocabulary competence of 10-year-old children. However, high-and low-frequency words differed for familiarity and imageability, given the high collinearity among these variables and frequency. Downloaded by [chiara valeria marinelli] at 04:36 27 December 2012
Similarly, it was impossible to match the sets differing for N-size for bigram frequency because of the close association between the two variables (Frauenfelder, Baayen, Hellwig, & Schreuder, 1993) . Accordingly, high-N-size words also had higher bigram frequency than NO-neighbor words. The possible confounding influence of bigram frequency was controlled by covariance analysis (see next). Another covariance analysis controlled for neighborhood frequency effects (i.e., the presence of neighbors more frequent than the target), a characteristic that covaries with N-size. In fact, the higher the N-size the more likely it is to find high-frequency neighbors, particularly in the case of low-frequency targets.
The characteristics of the words are reported separately for each subset in Table 2 ; the overall list of words is presented in the appendix.
Procedure
Stimuli presentation and data recording were performed using Super Lab 2.0.4. Each stimulus was presented in the centre of a computer screen. Each letter subtended 0.4 cm horizontally (which, at a distance of 57 cm, corresponds to 0.4 deg of visual angle) with Courier font, size 36. Each item was preceded by a fixation point (750 ms) and disappeared when the participant responded. There was a 250-ms intertrial interval.
Stimuli were presented in two blocks with a brief pause (about 2 min) between them. Blocks were comparable for mean N-size and word frequency. The order of presentation of the two Note. Child word frequency (calculated more than 1 million occurrences) was extracted from the written frequency count for children by Marconi et al. (1993) . N-size indicates the mean number of neighbors recognized as words by at least 90% of adult participants according to Epos 2 (Baldi & Traficante, 2005) . Values of imageability, familiarity and age of acquisition indicate the mean ratings given by 40 university students on a 7-point scale, following the procedure described by Barca et al. (2002) . Bigram frequency was computed on the basis of word frequency count for children (Marconi et al., 1993) ; values were transformed on the basis of the natural logarithm. As for contextual rules, geminate consonants, and clusters of consonants, values indicate mean number per word. Positional frequency of the first syllable indicates the number of times that syllable appears in that word position (Stella & Job, 2001) . HF = high frequency; N-size = neighborhood size; LF = low frequency.
Downloaded by [chiara valeria marinelli] at 04:36 27 December 2012 blocks was balanced across participants: Half of the participants read the first block and after then the second one, whereas the other half of participants read the second block first followed by the first one. No detectable differences in RTs and accuracy were found between the groups that read the blocks in different orders (all Fs < 1).
For each participant, there was a different order of stimuli presentation within each block obtained by means of automatic randomisation of words. A brief practice session (10 mediumfrequency words with similar psycholinguistic characteristics to the experimental stimuli) preceded the experimental trials.
Participants were tested individually in a silent room. Children were seated comfortably with their eyes at a distance of about 60 cm from the centre of a PC screen. They read aloud words presented in the centre of the PC screen as quickly and accurately as possible. The program recorded the onset of the vocal response, and the experimenter manually recorded pronunciation errors.
RESULTS
When two groups vary for some general processing speed factor, larger group differences are expected in more difficult conditions (and smaller ones in an easier condition) over and above the specific effect of a given experimental manipulation; this is referred to as over-additivity effect (Faust, Balota, Spieler, & Ferraro, 1999) . Over-additivity may modulate the group by condition interactions when the two compared groups differ in general ability (Faust et al., 1999) , as is the case for typically developing children and children with dyslexia. According to Faust et al. (1999) , this effect can be controlled using various data transformations, including a z-score transformation. For each participant, z scores are obtained by taking the RTs in each trial, subtracting their overall mean, and dividing them by the standard deviation across all items (therefore, each individual has an average of 0 across conditions and SD = 1). This transformation rescales individual performance to a common reference; hence, it allows controlling for global differences in information processing (Faust et al., 1999) while preserving the information regarding individual variability across experimental trials and conditions. Note that this transformation is appropriate only to open-scale measures such as time, but not closed-scale measures such as accuracy. Interactions that are significant in both the raw score and z-transformed score analyses indicate the selective influence of a given parameter; in contrast, interactions that are significant only in the raw data analyses, but not on those with the z-transformed values, indicate the presence of spurious interactions (due to over-additivity effects; Faust et al., 1999) .
Two different analyses were carried out on naming latencies by means of a linear mixedeffects model in which participants and items were crossed independent random effects (Baayen, Davidson, & Bates, 2008) , and group (children with and without dyslexia), word frequency (high and low), and N-size (high N-size and NO-neighbors) were fixed factors. In the first analysis, log-transformed RTs were the dependent measure; according to Keene (1995) , this data transformation is particularly suited for removing the intrinsic positive skew and non-normality of RT distribution. In the second analysis, z-transformed scores were used as dependent measures.
To give an estimate of the effect size in mixed-effect models we reported the reduction of between-subjects variance: this is calculated as the percentage reduction of between-subjects variance explained (i.e., the effect is large to the extent to which it reduces the proportion of error variance) by inserting the factors in the model (BVM) with respect to the between-subjects Downloaded by [chiara valeria marinelli] at 04:36 27 December 2012 of the empty model, where no independent variable is inserted (BVE): Red. Var. = ([BVE -BVM]/BVE) × 100. To assess the reliability of the estimate of each effect, we applied the Markov chain Monte Carlo (MCMC) method. This procedure allows to estimate 95% confidence intervals known as Highest Posterior Density (HPD) interval of the true value of the beta coefficients, and to get associated p values (pMCMC).
Accuracy in binary form (0 = incorrect reading; 1 = correct reading) was analyzed using a generalized linear mixed-effects model fit by the Laplace approximation (see Wolfinger, 1993) , in which group, word frequency, and N-size were the predictors, whereas participants and items were crossed independent random effects. Note that MCMC computation cannot be carried out in this kind of analysis.
To control for the effect of bigram frequency, all analyses were carried out using the mean log bigram frequency of each stimulus (computed on the basis of the word frequency count for children; Marconi et al., 1993) as covariate, considering it in the model as a random effect in interaction with items. Finally, to make sure that the contribution of neighborhood frequency was controlled for we introduced in the analyses the presence of higher frequency neighbor (in binary form: 0 = absence/1 = presence) and the frequency of the most frequent word in the neighborhood as random effects in interaction with items.
Reaction Times
The RTs corresponding to errors were not included in the analyses. Self-corrections and hesitations were considered errors and the corresponding RTs were not included in the analyses. False responses (invalid trials) and RTs smaller than 250 ms and larger than 6,000 ms were excluded from the analyses; these were 3.0% in children with dyslexia and 1.7% in control readers. The means of raw data (RTs and accuracy) are reported in Table 3 as a function of group and experimental condition. Note. Standard deviations are in parentheses. N-size = neighborhood size; RT = reaction time; acc = accuracy.
In the analysis on log-transformed RTs, a significant effect of group emerged as main effect (Estimate: .356, HPD: .279/.425; t = 5.68, pMCMC < .001; Red. Var. = 26.37%) and in interaction with both word frequency (Estimate: -.067, HPD: -.098/-.035, t = -4.26, pMCMC < .001; Red. Var. = 26.61%) and N-size (Estimate: -.056, HPD: -.088/-.025, t = −3.50, pMCMC < .001; Red. Var. = 26.45%). Notably, the three-way interaction of group by word frequency by N-size was significant (Estimate: .058, HPD: .031/.100, t = 2.60, pMCMC = .013; Red. Var. = 26.86%). The Group × Word Frequency interaction (Estimate: -.250, HPD: -.436/-.059, t = -2.62, pMCMC = .012; Red. Var. = 12.50%) as well as the three-way interaction (Estimate: .308, HPD: .046/.573, t = 2.29, pMCMC = .024; Red. Var. = 21.84%) were significant also in z-score transformed data. The Group × Word Frequency × N-Size significant interaction shows that with low-frequency words in children with dyslexia RTs are shorter for high N-size words compared with NO-neighbors words (diff. = 116 ms, Tukey's Honestly Significant Difference test: p = .038). With high-frequency words the difference was small (diff. = 25 ms). As for typically developing children, the difference in reading words with many or NO-neighbors was small and not significant for either low-(diff. = 11 ms) or high-frequency words (diff. = 31 ms). Group differences were about 400 ms in reading each type of stimuli, except for the low-frequency NOneighbors words on which the children with dyslexia were particularly impaired compared with typically developing readers (diff. = 481 ms).
Linear mixed-effects models on RTs indicated that the covariates bigram frequency, and presence of a higher frequency neighbor accounted for very small amounts of variance (.001% and .02%, respectively).
Accuracy
The analysis of accuracy showed only a main effect of group (Estimate: -1.673, z value: -4.91, p < .001; Red. Var. = 30.8%) and a trend of frequency (Estimate: .663, z value: 1.66, p = .09), indicating higher accuracy in typically developing children than in children with dyslexia (97.2% vs. 88.1%, respectively) and for high-than low-frequency words (95.4% vs. 89.9%, respectively). Other effects were far from significant. The role of the covariates (bigram frequency, as well as the presence and frequency of a higher frequency neighbor) was very small also on the accuracy data.
DISCUSSION
The present study examined the effect of N-size on word reading aloud in Italian children with and without dyslexia. We hypothesized that the faster the access to lexical representation, the smaller the neighborhood size effect would be, and that reading competence as well as word frequency might modulate the N-size effect. As expected, the results showed that N-size differentially modulates the reading speed of Italian children with different reading skills depending on word frequency: Children with dyslexia (but not typically developing children) benefitted from lexical activation of neighbors, particularly in reading low-frequency words.
Children with dyslexia were severely impaired on low-frequency words with no neighbors compared with skilled readers. A selective difficulty with low-frequency words confirms previous evidence from studies examining the frequency, but not the N-size effect (Di Filippo & Zoccolotti, 2011; Paizi, De Luca, Burani, & Zoccolotti, 2011) ; as a consequence, a large frequency effect is Downloaded by [chiara valeria marinelli] at 04:36 27 December 2012 observed in these children (Barca et al., 2006) . However, children with dyslexia were facilitated in reading low-frequency words when these produced a large activation in the lexicon due the high number of neighbors. This pattern held when z-transformed data were analyzed, indicating that it cannot simply be explained as due to the fact that the condition yielding the largest group difference (low-frequency words) was also the most difficult condition; that is, it was not due to an over-additivity effect.
According to the Dual Route Cascaded model (Coltheart et al., 2001) , both the sublexical and the lexical procedures feed activation to the phonemic output buffer, and the more the phonological outputs from the two routes overlap, the faster and more accurate the reading performance. In the case of low-frequency words, the performance of children with dyslexia is particularly defective presumably because they mainly rely on slower nonlexical processing. In this case, the role of orthographic neighbors emerges in support of nonlexical processing as a consequence of spreading activation in the orthographic level of representation, thus favoring the activation of corresponding phonological representations. Therefore, these data indicate that lexical activation is partially spared in children with dyslexia, at least in the case of dense neighborhoods.
By contrast, in typically developing readers we found no N-size effect irrespective of the target word frequency. It seems that for these children the access to individual lexical representations is fast enough to make the neighborhood size effect small and hard to detect. A previous study on nonword reading in Italian typically developing readers (Marcolini, Burani, & Colombo, 2009) found that the presence of a high-frequency word neighbor has an inhibitory effect on nonword processing (both in lexical decision and reading aloud; for similar results, see also Peressotti, Mulatti, & Job, 2010) . Apparently, the fast activation of a lexical representation (leading to the pronunciation of the high-frequency neighbor) conflicts with the assembly of the phoneme sequence of the nonword, which takes place in the phonemic output buffer as the result of the activation of the slow nonlexical route. In the case of the stimuli used in the present study, the nonlexical route is reliable enough to contribute, along with the lexical route, to the correct pronunciation of short high-or low-frequency words irrespective of the activation of neighbors in the orthographic lexicon. Hence, the facilitating role that the activation of many orthographic neighbors exerts in reading low-frequency words in English (e.g., Andrews, 1992) does not emerge in a shallow orthography such as Italian.
In shallow orthographies the N-size effect is modulated by reading competence, diminishes with age, and disappears in intermediate and expert readers (Perea & Estévez, 2008) . Notably, results on typically developing readers examined in this study are in line with findings of other studies on regular orthographies, namely, Goswami et al.'s (2001 Goswami et al.'s ( , 2003 data on German readers. By contrast, the present data are only partially consistent with Marinus and de Jong's (2010) results on Dutch children. These authors found that a larger N-size facilitated the reading of nonwords but did not affect word reading among both dyslexic children and controls. Note that in Marinus and de Jong's study, high-frequency words were used. Our results on high-frequency words are similar to those reported by Marinus and de Jong: N-size did not affect the reading performance in either group of children. By contrast, a facilitatory effect of a dense N-size was found in the case of low-frequency words in children with dyslexia but not in typically developing readers. The results of the present study might be explained assuming that low-frequency words have lexical representations in the orthographic lexicon of typically developing readers (and then the performance with these words was not modulated by N-size), whereas low-frequency words are processed as nonwords by children with dyslexia (thus showing a facilitatory effect of N-size).
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This interpretation is in keeping with the idea that children with dyslexia have a small number of orthographic representations in their lexicon and show specific difficulty with low-frequency words (see also Angelelli et al., 2010) .
As for accuracy, children with dyslexia were more error prone than typically developing readers in each type of stimulus examined, in both screening and experimental tasks. However, the group factor did not interact with any of the variables considered in the present study. N-size modulated the reading of children with dyslexia in terms of RTs but not accuracy. This pattern is consistent with previous observations in Spanish (Davies et al., 2007) and Dutch (Marinus & de Jong, 2010) children who, like the Italian ones, showed a very high rate of accuracy. As suggested by Burani (2010) , good accuracy may be obtained in shallow orthographies using small units of analysis (Ziegler & Goswami, 2005) , especially for short words, so that the aid from the lexical route through neighborhood activation does not add any further advantage in accuracy over and above the nonlexical route process.
Some authors (e.g., Peereman & Content, 1995) have suggested that the N-size effect is due to the frequency of sublexical units (e.g., graphemes or bigrams) in the language. Within this framework, words with many orthographic neighbors would be read faster because they contain more common spelling-to-sound correspondences (Peereman & Content, 1995) . Frauenfelder et al. (1993) also reported a stronger correlation between bigram frequency and N-size than between bigram frequency and word frequency. However, other evidence indicates that N-size and frequency of sublexical correspondence may exert independent effects (for English: Weekes, 1997;  for Italian: Arduino & Burani, 2004) . In the present study, N-size modulated reading performance also when the effect of bigram frequency was covaried and the variance explained by bigram frequency was negligible. Therefore, the N-size effect found in Italian children cannot be explained simply on the basis of the frequency of sublexical units.
Caution is needed in generalizing these results. First, given the small number of monosyllabic words in Italian, the current study examined the effect of neighborhood size in two-syllable words, whereas most studies on the effects of N-size in English have been done with one-syllable words. This makes it difficult to directly compare the present results with those on English speaking readers. Second, as almost all long Italian words have very few neighbors, we restricted the investigation of neighborhood density to relatively short words (four to five letters). We do not know whether the present pattern of results also applies to longer words. In Spanish children with dyslexia, Davies et al. (2007) found that N-size interacts with length with a larger length effect for words with few neighbors. Besides, the use of a set of short, and hence easier-to-read, words might have reduced the performance differences as a function of the variables manipulated, especially accuracy. This might be responsible for the absence of an N-size effect in reading low-frequency words showed by typically developing readers examined in the present study, as well as in other studies carried out in consistent orthographies (Goswami et al., 2001 (Goswami et al., , 2003 Marinus & de Jong, 2010) . A third limitation of this study concerns the fact that we examined an age-matched, but not a reading-matched, control group. A facilitatory effect of a high N-size in reading low-frequency words among younger children (who by definition have a small number of orthographic representations) might confirm the results of the present study. Fourth, children with dyslexia were screened in schools and did not receive a clinical diagnosis; further work is needed to extend the present findings to a clinically defined sample. Finally, it is important to note that this study examined the effect of N-size in a reading aloud task, but most reading is not carried out aloud and so we do not know if a dense N-size may also advantage silent reading. Downloaded by [chiara valeria marinelli] at 04:36 27 December 2012
In conclusion, the present study shows that reading-aloud performance of children with dyslexia of a regular orthography (Italian) is modulated by neighborhood density in interaction with word frequency. Previous studies have reported that children with dyslexia predominantly rely on sublexical reading (Marinelli, Angelelli, Notarnicola, & Luzzatti, 2009; Zoccolotti et al., 1999) and show limited use of the lexical procedure (Angelelli et al., 2010) . The present study highlights that children with dyslexia in a transparent orthography also benefit from the spreading of lexical activation from dense neighborhoods.
